Manganese as a Chemotherapeutic Agent. By J. E. R. McDONAGH, F.R.C.S. (ABSTRACT.) CLINICAL experience with arseno-benzene led me to believe that the drug did not attack the Leucocytozoon syphilidis directly, but indirectly through the protein particles in the plasma. Seeking an explanation of the action of chemotherapeutic drugs I came to the conclusion that metals acted as catalysts in the oxidase reaction and non-metals as catalysts in the reducase reaction. Further work led to the result that metallic preparations in general increase the number of the protein particles and augment their negative charge, while non-metallic preparations in general cause the protein particles to agglutinate and diminish their electric charge. In short, metals act as conductors of electricity and non-metals as condensers. All micro-organisms behave as condensers; their action varies, a fact which enables them to be graded. Coccogenic bacteria are not such powerful condensers as protozoa. Of the former the staphylococci are the most feeble and of the latter the Leucocytozoon syphilidis is the most potent. The effect of conduction is to increase the number of the protein particles, diminish their size, hasten their movement (Brownian movement) and augment their negative charge. This means that the expanse of surface exposed to the parasites is increased enormously and the additional negative charge enables the protective substance to turn the tables on the parasites. The protective substance now acts as the more powerful condenser and robs the parasites of some of their negative electricity. If the parasites lose sufficient they undergo lysis and are thus destroyed. In the test-tube deprivation of negative electricity more frequently results in the parasites undergoing agglutination and precipitation. In fact all the immunity tests are based upon the electrical relationship between the protective substance and the micro-organisms. As the conductor action of the different metals varies considerably, and, as the nature of the compound of which a metal forms part materially influences its conductor effect, it became necessary to devise simple tests to determine the degree of dispersion capable of being produced, and to try several compounds first in simple and then in complex infections. The increase in the number of the protein particles can be detected with the ultra-microscope. If the increase in number becomes sufficiently great intravascular clotting is caused. Consequently, some idea of the conductor action of a metallic preparation can be judged by its ability to accelerate coagulation. Conductors part with their electrons, and these, when taken up by Grampositive micro-organisms, change them to Gram-negative. The better the conductor the more rapid the change. Conductors raise the suspension stability of the blood and increase the percentage of blood-sugar in the plasma. Condensers, on the other hand, diminish the number of the protein particles and cause them to increase in size and agglutinate. Condensers retard coagulation. They take away electrons from Gram-negative micro-organisms and make them Gram-positive. They reduce the suspension stability of the blood and cause a fall in the percentage of blood-sugar. The most suitable conductor is manganese and in its colloidal hydroxide form it is useful in the simplest infections. With the hope of finding a preparation which would be as beneficial in streptococcic and gonococcic infections as the [January 18, 1928 (Eveninq Meeting).
hydroxide is in staphylococcic infections I experimented with various compounds and finally found manganese butyrate to be the most efficient. The more complex a compound becomes the greater is its initial condenser effect, but when the drug becomes adsorbed by the protein particles the contained metal is liberated and is able to exert a maximum degree of conduction from being, so to speak, on the spot. Adsorption is greatest when the compound contains amino groups, and this explains why the immediate effect of arsenobenzene in syphilis is that of retarding coagulation. The additional condensation to that already produced by the disease aggravates the lesions and this is the rationale of the Herxheimer reaction in syphilis and the negative phase after vaccines. In simple infections the degree of conduction required is not great, but owing to the very rapid way in which the micro-organisms multiply there must be no exhibition of a condenser action. A 1 per cent. solution of manganese butyrate fulfils these requirements. Of this preparation never more than three injections should be prescribed in any one course, because over-dosing with conductors either drives the protein particles into true solution or causes them to undergo condensation. In my experience, two injections suffice, and these should be injected intramuscularly in 10 and 1P5 c.c. doses respectively, with three or four clear days' interval between them.
Manganese butyrate is especially valuable in boils, carbuncles, erysipelas, whitlows, lymphangitis and lymphadenitis. The drug is equally useful in acute gonococcal urethritis, abscess formation, epididymitis, and in gonococcal septicaemia, if prescribed in time. Manganese butyrate relieves in asthma as it changes the condensation of the protein particles, which causes the condition, into dispersion. In all septic conditions including tonsillitis, quinsy, and even rhinitis, manganese butyrate should be given a chance before an incision is made. If prescribed in time the lesion will abort, while if pus has already formed a single injection will bring it to a head. The pus should be evacuated through a small incision and dry dressings and not hot fomentations should be applied. In all operations on septic bones, joints, &c., manganese butyrate will be found to expedite healing. In inoperable cancers manganese butyrate removes the sepsis and reduces the septic lymphadenitis. The toxemias of pregnancy are the result of the condensation undergone by the protein particles in the plasma. Therefore, theoretically, manganese butyrate should prove of the greatest value. In two cases treated to date the results were distinctly gratifying. The higher fatty acid compounds of manganese have too great an initial condenser action to be of value in the simple infections, as proved by experimentation with manganese maleate and ortho-coumarate.
DISCUSSION.
Dr. H. G. ADAMSON (President) confessed that he found it very difficult to follow Mr.
McDonagh's arguments clearly. Many of his theories were not supported by sufficient evidence, but he (the President) was not really competent to offer any material comment and he would be glad to hear remarks from others, particularly from those who were more conversant with biochemistry. As regards the practical side he congratulated Mr. McDonagh upon having obtained in the long list of cases of different types of coccic infection the good results with manganese butyrate which his theories had led him to expect. He hoped that these good results would be confirmed by the experience of others, and that manganese butyrate would prove to be of the value in the treatment of lupus vulgaris which was predicted for it.
Dr. A. M. H. GRAY said he did not pretend to understand the elaborate experiments Mr. McDonagh had made in this research, but he would like to ask a question or two. First, was the manganese butyrate a colloidal preparation ? [Mr. McDONAGH: No, it was a 1 per cent solution.] His own experience of manganese had not been so favourable as that of Mr. McDonagh. He (Dr. Gray) found that in a case of boils which responded well to manganese one could get almost miraculous results from one or two injections, and, on Mr. McDonagh's advice, he had never given more than three injections, at two or three days' interval. But he had often found that some weeks afterwards there had been a relapse, and then, at that stage, the giving of more collosol manganese produced no benefit. That occurrence did not seem to fit in with the explanation Mr. McDonagh had given. He had understood that the colloidal manganese required some peptone to keep it protected. [Mr. McDoNAGH: It had none.] He was interested to hear that, because he had assumed that one was not dealing with the effect of manganese at all, but with protein shock, which had a great effect on lesions of that type, but generally failed to bring the result off a second time. A further point was the following: he gathered that these metallic preparations had the effect of increasing the coagulability of the blood, while the non-metallic preparations diminished it.
[Mr. McDONAGH: Yes.] But he was under the impression that salvarsan, and neo-salvarsani, and similar preparations, diminished the coagulability of the blood, and most of those who worked in this line had probably had a similar experience. [Mr. McDoNAGH: This is due not to the action of the arsenic but to the condenser action of the amino groups.]
Dr. HALDIN DAVIS said that i\Ir. McDonagh had once more given the profession a remedy of considerable value in the same way as he had done when he introduced collosol manganese, which he (Dr. Haldin Davis) had himself used a good deal and with gratifying results. Indeed he had been more fortunate with it than Dr. Gray appeared to have been. He recalled in particular two cases of sycosis in the pubic region, a region which it was notoriously difficult to treat, and which he had been able to cure by injections of collosol manganese. He had given two injections of 2 c.c. at intervals of a week, and then after waiting several weeks had given a second series. After having listened to Mr. McDonagh he was quite prepared to admit that manganese butyrate was probably a very useful remedy. But he failed to follow the reader of the paper in the arguments by which he supported his theory of the action of this drug. Mr. AciDonagh had employed a terminology which was entirely his own. For example he had used the terms " condensation" and " dispersion " to denote some electrical change in the blood and tissue fluids, but he had not indicated in any way how he measured the electrical changes thus adumbrated. He (Dr. Haldin Davis) would like further information on this point. The author had said that a change of an electrical nature had in one direction caused a quicker coagulation of citrated plasma, while a change in another direction caused a diminution of the blood-sugar. He (the speaker) was unable to follow the correlation between those changes and the postulated electrical phenomena. His opinion was that Mr. McDonagh very likely had found a useful remedy, for which he would receive the gratitude of the Memibers; but he thought that the discovery had really been made by the old method of trial and observation, and that its action was by no means due to electrical changes which had never been actually demonstrated to be caused by its administration.
Mr. H. FINKLESTONE-SAYLISS summarized the results of treatment by manganese butyrate at the London Lock Hospital as follows:
On the first day the patient was given an intramuscular injection of manganese butyrate, 1 c.c. of a 1 per cent. aqueous solution and anterior urethral injections by potassium permanganate. Within twenty-four hours, the pain on micturition and the meatal aedema disappeared, and by the third day the discharge was lessened; in some cases on the fourth day there was no discharge. On the fifth day a second injection of manganese butyrate 1P5 c.c. was given. In the majority of cases the discharge was thin and watery, in the morning only; there was no pain on micturition, and the urine was clear with a few flakes. On the eleventh day an injection of contramine 025 grm. dissolved in 1 c.c. of water was given intramuscularly.
Of the twelve cases treated in hospital not one had developed posterior urethritis.
The average number of days on which the patients stayed in hospital until discharged, as requiring no further treatment was 51, the patient having had no discharge for fourteen days, and a urethral and prostatic examination proving negative. Palpation over metal bougie, showing no peri-urethral abscess, nor thickening of urethral wall nor enlarged follicles. Seven cases submitted to anterior urethroscopy had proved negative.
In the out-patient clinic injections were given at weekly intervals. Two injections of manganese and one of contramine were made. At the fourth week there was usually no discharge, and by the fifth week in 80 per cent. of the cases the urine was clear with no flakes. A urethral and prostatic examination was then made, which had almost always proved negative. The average attendance of fifty cases who had completed treatment, and were considered not to require any further treatment, had been 53'5 days, i.e., 76 attendances at the clinic. Five patients had been urethroscoped at the fifth attendance, having passed at the clinic clear urine with no flakes, and nothing pathological being found.
Treatment of Acute Gonococcal Epididymitis. The same iniections were given at similar intervals. The first injection relieved the acute pain and redness, and by the third day the testicle could be palpated without any pain being caused, also the acute hydrocele and swollen epididymis diminished in size. The temperature became normal from one to two hours later, and the patient was able to get up on the fourth day. By the eleventh day the nodule was small and painless. The local treatment consisted in the application of ung. guaiacol 10 per cent., and in the support of the scrotum by a Jullien's bandage. If the nodule was still present at the sixteenth day a second injection of contramine was given. In three cases the average stay in hospital, until no further treatment was considered necessary, was forty-nine days.
A comparison of one series of cases treated only by local and internal remedies, and of another series in which this treatment had been supplemented by detoxicated vaccines, showed that the manganese and contramine cases were free from symptoms on the average four days earlier in the resolution of the epididymis.
Complications of Gonorrhoea. (1) Peri-urethral and Para-urethral Abscess.-Where definite pus formation was present an injection of manganese would hasten the pus formation and cause the abscess to point sooner. Where actual pus formation had not occurred, i.e., heat, redness, swelling, but no fluctuation, manganese tended to abort it. (2) Two cases of para-urethral glandZ infection (the so-called Tyson's gland) had cleared up in three days on injection of manganese without any incision being necessary.
Sepsis and Manganese.
Manganese had proved useful in aborting and clearing up the most resistant cases of furunculosis of the neck and thigh. It was a valuable adjunct in the control of cases of arsenical dermatitis. One case of recurrent arsenical dermatitis had developed furuncles on the thigh, also a nodular lymphangitis. One injection of manganese aborted the condition.
Mr. McDoNAGH, in reply to the President, said that it was never suggested to use manganese butyrate in lupus vulgaris. He also said, in reply, that the clinical results from manganese butyrate were much superior to those obtained with manganese hydroxide.
This was especially the case in the treatment of gonorrhcea. So far as the criticisms of his paper were concerned they could not be answered without his reiterating what he had just read. No words had been coined as suggested and the subject matter was extraordinarily simple, as he believed most would find it to be when reading the article at leisure. He believed he was the first to find out that arseno-benzene did not attack the syphilitic micro-organisms directly, but indirectly through the protein particles in the serum. In order to explain this indirect action he stated that his research work had led himii to believe that metals acted as conductors of electricity and non-metals as condensers.
Conductors caused dispersion of the protein particles, and consequently increased the area of the protective substance exposed to the parasites. One of the characteristics of dispersion was acceleration of coagulation, but the reason why the initial effect of arseno-benzene was that of retarding coagulation was because the amino groups of the benzene nucleus acted as condensers. Condensers caused the protein particles to agglutinate, an action which resulted in a loss of negative electricity, hence the reason why the first effect of prescribing salvarsan in early syphilis was to imake the lesions worse. If a powerful non-mrletallic substance was injected into a patient with a, priimary sore the addition to the condensation already produced by the disease would be sufficient to bring out the rash. Simple metallic substances were required in simple infections and complex substances in protozoal infections. But it must be borne in mind that the more complex a compound became the greater was its initial condenser action. The danger of using metallic substances was that excessive dispersion led to true solution, in which state the protein particles ceased to act as protectors. This was the reason why the recurrences of syphilitic manifestations reached such a high figure when one course of injections was deemed sufficient. Also, why so many of the recurrences were of the nature of a chancre redux. He had investigated a large number of cases and was of the opinion that none were cases of reinfection. In the case of manganese butyrate in coccogenic infections clinical experience clearly showed that not miiore than three injections should be prescribed in any one course. If this numlber were exceeded the appearance of fresh lesions would be stimulated. Recurrences definitely showed that the action of treatment upon micro-organisnms was indirect.
